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[57] ABSTRACT

A precision depth planter including a plurality of fur-
row-forming units mounted on a main frame for rela-
tive vertical movement, each unit including a pair of
depth gauge wheels for carrying the unit and for regu-
lating the depth of the furrow formed thereby. A seed
dispensing unit is mounted on the frame directly above
each furrow-forming unit and includes a seed container
and selecting mechanism for delivering seeds to the fur-
row, the several selecting mechanisms being commonly
driven from a drive shaft extending transversely be-
tween the dispensing units. A separate hydraulic cylin-
der acts on each furrow-forming unit to maintain a
constant force on said unit regardless of the position
thereof relative to the main frame. A ground-engaging
sensing unit mounted on the planter frame measures
soil hardness and in conjunction with a hydraulic con-
trol valve acts to vary the force exerted by the hydrau-
lic cylinders to maintain a uniform planting depth irre-
spective of variations in soil hardness.

17 Claims, 7 Drawing Figures
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1
PRECISION DEPTH SEED PLANTER

BACKGROUND OF THE INVENTION

The present invention relates generally to seed plant-
ers, and more particularly to a planter having means for
precisely maintaining a constant planting depth irre-
spective of variations in soil hardness.

A conventional seed planter of the type illustrated,
for example, in U.S. Pat. No. 2,975,844 to Oehler et al.,
issued 21 Mar. 1961, comprises a transversely elon-

gated frame supporting a plurality of spaced, rear--

wardly extending, individual planting units for indepen-
dent vertical movement relative to the frame. Each unit
includes a furrow opener, a press wheel mounted be-
hind the furrow opener which serves also as a depth
gauge wheel, and a seed container and dispensing
mechanism mounted above the opener for intermit-
tently depositing seeds in the furrow formed thereby. If
it is desired to apply pesticides to the soil simulta-
neously with the seed planting operation, a pair of hop-
pers therefor are normally mounted on the unit above
the combination press and depth gauge wheel. A spring
pressure mechanism ‘is commonly provided between
the frame and each unit for exerting a downward force
on the latter, the force exerted by the spring mecha-
nism: being in addition to that provided by the weight
of the unit and the quantity of seed and pesticide con-
tained: thereon, : :

Certain features of this conventional design contrib-
ute to a lack of uniformity in planting depth. For exam-
ple, since the press wheel, from which the planting
depth is gauged, is necessarily mounted at some dis-
tance behind the furrow opener, fore-and-aft variations
in ground level along the planting row result in corre-
sponding variations in planting depth along the row. In
addition to this inherent gauging error, a substantial
variation in planting depth results from variations in the
down force acting on the unit, since for a constant soil
hardness, such down force variations cause corre-
sponding variations in the depth of penetration of the
unit gauge wheels, which, in turn, results in variations
in planting depth. The down pressure acting on the
units is basically a function of two variables: first, the
quantity and thus weight of the seed and pesticide con-
tained in the respective hoppers, this quantity continu-
ally depleting during the planting operation between
refillings of the hoppers, and second, the height of the
unit relative to the frame and thereby the force exerted
by the spring in the down force mechanism, this force
being inversely proportional to the spring length. Thus,
as the unit moves vertically relative to the frame to fol-
low the surface of the ground, the planting depth of the
unit varies inversely with its vertical position. In addi-
tion to its effect on planting depth, such variations in
down pressure on _the unit, because transmitted
through the press. wheel thereof, result also in -varia-
tions in the compaction of soil surrounding the planted
seed. '

A still further source of planting depth error is that
caused by variations in soil hardness, such variations
commonly existing between different fields, between
different areas within the same field, and between the
same areas in a field over a period of time. For a cons-
tant down force on the planting unit, the gauge wheels
thereof will naturally. penetrate further in soft than in
hard soil, resulting in a deeper planting depth in soft as
opposed to hard soil. !

2

Planting depth, and more broadly the entire seed en-
vironment, is becoming an increasingly important con-

cern of the farmer as every effort is made to increase
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crop yield. Fast and uniform seed germination, an im-
portant factor in increasing crop yield, requires a uni-
form, optimum planting depth. -

SUMMARY OF THE INVENTION

It is, accordingly, an object of the present invention
to provide a seed planter capable of precisely maintain-
ing a uniform planting depth. More specifically, it is an
object of the invention to provide a planter having a
main frame supporting a plurality of trailing planting
units, wherein variations in down pressure on the indi-
vidual units resulting from variations in vertical height
of the unit relative to the main frame, and from varia- -
tions in the quantity of seed and pesticide contained
thereon, are eliminated. It is a further object to provide
a planter having press wheel means capable of uni-
formly compacting the soil in the planting rows, irre-
spective of the down force acting on the planting unit.
1t is yet a further object to provide a planter having a
main frame and a plurality of individual planting units,
the planter including means for exerting a uniform
down force on each individual planting unit irrespec-
tive of the vertical position thereof relative to the main

‘frame, further to provide means for selectively varying

the down force so exerted on the units, and still further
to provide means for simultaneously and uniformly
varying the down force acting on the several units. It is
a further object to provide such a planter having means
for automatically varying the down force on the several
planting units in response to soil hardness. '
These and other objects are achieved, according to
the invention, by the provision of a planter having a
transversely extending main frame, a plurality of rela-
tively light-weight furrow-forming units mounted on
the frame for independent vertical movement, and an
equal number of associated seed dispensing units, each
of the latter units being independently mounted on the

"main frame and extending above its associated furrow-

forming unit in vertical spaced relation. Each furrow-
forming unit includes a furrow opener means, a pair of
adjustable depth gauge wheels mounted on opposing
sides of the opener means for regulating the running
depth thereof, and a separate press wheel means in fol-
lowing relation to the furrow opener and carried by a
separate subframe structure mounted for independent
vertical movment relative to the opener. Each overly-
ing dispensing unit comprises a seed hopper and associ-
ated seed selecting mechanism, the latter communicat-
ing with the furrow formed by the furrow opener
through a vertically extending seed conveying conduit,
and a pair of pesticide hoppers and associated dispens-
ing means mounted rearwardly of the seed hopper and
also including a pair of vertically extending conduits for
delivering the pesticide to the plant row. The seed se-
lecting mechanism contained in the several dispensing
units is driven from a powered shaft extending trans-
versely between the units, as are the several pesticide
dispensing means associated therewith.

A positive down pressure is exerted on each of the
relatively light furrow-forming units by means of a hy-
draulic actuator or cylinder acting between the unit
and the planter main frame. The tractor hydraulic sys-
tem supplies constant pressure fluid to the cylinder
whereby the force exerted by the latter is essentially in-
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dependent of its length. Consequently, the down force
acting on the unit remains essentially uniform irrespec-
tive of its vertical position relative to the frame. The
operation of this system is contrasted with that of the
conventional spring pressure mechanism, wherein the
down force varies with vertical position of the unit.

The hydraulic actuators on the several units are con-
nected with each other and with the tractor hydraulic
system in a parallel arrangement, the latter system in-
cluding a pressure control valve whereby the force ex-
erted on the units by the actuators can be varied uni-
formly and simultaneously. This is to be contrasted
with the conventional spring pressure down force
mechanism in which adjustments must be separately
made to each unit, a time-consuming operation. The
pressure control valve can be actuated either manually
or automatically in response to soil hardness. Although
the adjustable depth gauge wheels on the furrow-
forming units are effective to approximately regulate
the running depth of the associated furrow opener
means, variations in soil hardness create corresponding
variations in furrow depth for a constant down force;
the softer the soil, the deeper the gauge wheels pene-
trate the surface of the ground, and thus the deeper the
planting depth, and conversely, the harder the ground,
the shallower the gauge wheel penetration and planting
depth. To maintain a constant, optimum planting depth
throughout a field having relatively hard and soft areas,
a lesser down force must therefore be employed in the
soft areas than in the hard areas.

The automatic soil hardness sensing unit of the inven-
tion comprises a relatively wide shoe mounted on the
planter frame and adapted to ride on and follow the
surface of the ground, a relatively narrow, weighted
shoe mounted on the wide shoe and adapted to pene-
trate the surface of the ground at various depths corre-
sponding to variations in ground hardness, and means
for comparing the relative vertical positions of the two
shoes and actuating the hydraulic pressure control
valve on the tractor in direct response to variations in
their positions. For example, in relatively soft ground,
the weighted, narrow shoe will ride at a deeper level
with respect to the wide shoe than would be the case
in harder ground, and such deeper penetration is trans-
lated into a lesser down force on the planting units,
thereby maintaining a uniform furrow depth through-
out both hard and soft areas.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the invention will be
described in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a perspective view of the planter taken from
the left rear, with all but one of the planting units
shown in outline form for the sake of clarity;

FIG. 2 is a perspective view from the left front, again
with all but one of the planting units in outline form;

FIG. 3 is a side elevation view of one of the planting
units;

FIG. 4 is a view taken generally along the line 4—4
of FIG. 3;

FIG. § is a schematic representation of the hydraulic
system of the invention;

FIG. 6 is a side elevation view of the soil hardness
sensing unit of the invention, on a scale reduced from
that of FIGS. 3 and 4; and,

FIG. 7 is a plan view of the sensing unit of FIG. 6.
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4

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the ensuing description, right- and left-hand refer-
ence is determined by standing at the rear of the
planter and facing the direction of travel.

Referring first to FIGS. 1 and 2 of the drawings, the
planter comprises, generally, a transversely elongated,
rectangular cross-sectional main frame 10 having a plu-
rality of individual planting units 12 mounted in trailing
relation thereon. In the embodiment illustrated, the
frame is provided with a three-point or integral hitch
structure 14 on its center portion for attachment to a
tractor, and a pair of vertically adjustable, ground-
engaging wheel assemblies 16 and 18 on opposite sides
thereof to gauge the operating height of the main frame
10. As will be apparent to those skilled in the art, the
principles of the present invention could as well be in-
corporated in a planter of the pull or trail type, wherein
the frame structure is provided with a fore-and-aft draft
member adapted for connection to the drawbar of a
tractor.

The three-point hitch structure 14 of the illustrated
embodiment includes a pair of left and right brackets
20 and 22 secured to the frame 10 at equal distances
to the left and right, respectively, of the longitudinal
centerline thereof, the left bracket 20 consisting of
upper and lower members 24 and 26 held to the respec-
tive surfaces of the member 10 by means of elongated
bolts 28, and the right bracket 22 consisting of upper
and lower members 30 and 32 similarly held to the
member 10. The opposite ends of a transverse bar 34
are rigidly clamped between the upper and lower, for-
wardly extending portions of the brackets 20 and 22.
Left and right pairs of forwardly extending members 40
and 42 are rigidly fixed, as by welding, to the respective
ends of the bar 34 inwardly of the brackets 20 and 22,
and support a pair of left and right transversely aligned
hitch pins 44 and 46 between their forward ends for re-
ceiving the two outer or lower arms of the tractor inte-
gral hitch mechanism. The hitch device 14 further in-
cludes a center bracket 48 comprising a left and right
pair of upstanding, triangular members 50 and 52 rig-
idly secured to the upper surface of the frame member
10, and a lower pair of left and right members 56 and
58 secured to the lower surface of the frame 10 directly
below the respective triangular members 50 and 52.
The middle portion of the bar 34 is held between the
forward ends of the lower members 56 and 58 and
upper members 50 and 52 by means of bolts 62. A
short transverse bar 66 is clamped to the upper ends of
the triangular members 80 and §2 and has a trans-
versely spaced pair of forwardly extending plates 68
and 70 fixed to its midportion. A hitch ball 72 is
mounted between the lower forward portion of the
plates 68 and 70 to receive the center arm of the trac-
tor integral hitch and thereby complete the tractor-
planter connection.

The gauge wheel assemblies 16 and 18 of the planter
are essentially mirror images of each other and com-
prise, generally, a forwardly extending arm 74 pivotally
mounted at 76 between a pair of left and right angle
members 78 and 80, and having a stub axle 82 fixed to
its forward end and rotatably receiving a groundengag-
ing wheel 84 thereon. An extensible and retractable
jack 86 acts between a bracket 88 on the forward end
of the arm 74 and the upper portion of a bracket 92 se-
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cured to the frame 10. The bracket 92 consists of left
and right member 94 and 986, respectively, which are
secured to the upper surface of the frame 10 with bolts
98, which bolts also hold the angle members 78 and 8¢
to the underside of the member 10. It will be apparent
that extension and retraction of the jack 86 is effective
to pivot the arm 74 about the pin 76 and thereby raise
and lower the wheel 84 relative to the planter frame. In
operation, the wheel assemblies 16 and 18 act as height
gauge means for the planter main frame in the operat-
ing position, and supply operating power to the seed
and pesticide dispensing mechanisms carried by the
planting units. '

The latter function of the wheel assemblies 16 and 18
is accomplished in conjunction with the drive mecha-
nism illustrated in FIG. 2. The mechanism is of more or
less conventional design and comprises, generally, a
sprocket 100 mounted on each of the wheels 84 for ro-
tation therewith, a transverse jackshaft 102 rotatably
supported above the main frame 10, and a pair of drive
chains 104 drivingly connecting the sprockets 100 with
a pair of aligned sprockets 106 on opposite ends of the
shaft 102. To compensate for the different speeds of
rotation of the wheels 84 as the planter is turned to the
right or left, each of the sprockets 106 is coupled to the
shaft 102 through a one-way clutch or ratchet device
108. The jackshaft 102 is supported on the frame 10 by
a plurality of transversely spaced upstanding brackets
110. Power is transmitted from the jackshaft 102 rear-
wardly to a transverse drive shaft extending between
the several planting units 12 through a sprocket 112 on
the right side of the jackshaft 102, an aligned sprocket
(not shown) on the planting unit drive shaft, and a
drive chain 114 trained around the drive and driven
sprockets.

Although the planter illustrated is provided with six
planting units 12, it will be apparent from the ensuing
description that this number may be readily increased
or decreased, since the units are constructed for easy
addition to or removal from the main frame 10. Each
of the planting units 12 consists of a seed dispensing
unit 116 mounted rigidly on the main frame 10 and ex-
tending rearwardly therefrom, and a furrow-forming
unit 118 mounted for relative vertical movement on the
main frame and extending rearwardly in underlying re-
lation to the associated seed dispensing unit.

Upper and lower pairs of parallel links or levers 120
and 122 mount the furrow-forming units on the main
frame for vertical parallel movement, thereby enabling
the unit to follow the surface of the ground while re-
maining parallel thereto. The forward ends of the upper
links 120 are pivoted at 124 on a pair of upper brackets
126 which, in turn, are rigidly secured to the main
frame 10 and which, as will subsequently appear, form
the main supporting structure for the seed dispensing
unit 116. The forward ends of the lower links 122 are
likewise pivoted-at 128 to a pair of lower brackets 130,
the latter lying directly beneath the upper brackets 126
and being secured thereto and to the main frame 10
with fore-and-aft elongated bolts 132. An H-shaped
supporting structure, comprising a pair of vertical legs
or members 134 rigidly interconnected by a transverse
cross member 136, is pivotally carried at 138 and 140
by the upper and lower links, respectively, and in turn
carries the furrow-forming means and press wheel sub-
frame of the unit.. Centered-on the back side of the
cross member 136 are a pair of transversely spaced ver-

10

15

20

25

30

35

40

45

60

65

6

tical plate members 142 which, in conjunction with
transverse connecting walis 144, 146, and 148, define
a pair of fore-and-aft, downwardly converging passages
150 and 152, As will subsequently be described in
greater detail, seed and pesticide from the respective
selecting mechanisms on the overlying seed dispensing
unit are introduced into the top of the passages 150 and
152, respectively, drop downwardly therethrough, and
are deposited in the furrow formed by the furrow-
forming means. The latter means, in the embodiment
illustrated, comprises conventional furrow-opener run-
ner blades 154 fixed to the lower edge of the plate
members 142, though it will be readily apparent to
those skilled in the art that various other conventional
devices, such as a pair of rearwardly diverging disk
blades, could be substituted for the runner blades 154.
A pair of offset straps 156 extend between the trans-
verse ends of a bracket member 158, fixed centrally to
the underside of the cross member 136, and the for-
ward end of the runner 154 to support the latter rela-
tive to the H-shaped structure. Pivotally mounted on
the same bracket 158 at 160 and extending down-
wardly and rearwardly therefrom are a pair of gauge
wheel support arms 162. A transverse axle 164 is fixed
to the ends of the arms 162 and rotatably supports a
pair of gauge wheels 166 on its opposite ends, the verti-
cal position of the wheels being adjustable relative to
that of the runner 154 to regulate the approximate run-
ning depth of the latter. The wheels 166 are maintained
in various positions of adjustment by means of a pin
168 selectively positionable in any of a plurality of
elongated slots 170 in the lower rear portions of the
plate members 142. The portion of the pin intermedi-
ate the plates 142 is received by a short bracket 174
fixed to the midpoint on the axle 164 and extending
forwardly between the plates 142.

The furrow-forming unit 118 further includes a press -
wheel subframe structure, indicated generally by the
numeral 176. The structure 176 comprises a pair of
fore-and-aft side members 178 pivoted at their forward
ends to the legs 134 of the H-shaped supporting struc-
ture, the members 178 extending alongside and out-
wardly of the gauge wheels 166 and being joined rear-
wardly thereof by a transverse tubular member 180.
The rearward ends of the members 178 converge in-
wardly and receive a pair of press wheels 182 therebe-
tween on a trarisverse axle 184 which, in turn, is rotat-
ably supported at its ends in aligned bearing members
186 fixed to and projecting downwardly from the mem-
bers 178. The vertical pivotal movement of the sub-
frame 176 relative to the H-shaped supporting struc-
ture is limited by means of a lost motion connecting
link 188. The rear end of the link 188 is pivotally
mounted on a pin 190 between a pair of spaced plates
192 fixed to the transverse tube 189, while the forward
end thereof extends between the plates 142 and is pro-
vided with an elongated aperture 194 for receiving a
pin 196 extending transversely between the plates 142,
When disposed in its normal operating position, illus-
trated in FIGS. 1 and 3, the pin 196 is centered in the
aperture 194, thereby permitting approxiamtely equal
pivotal movement of the subframe both above and
below its normal position. '

A pair of conventional covering disks 198 are carried
by the press wheel subframe 176 between the depth
gauge wheels 166-and the press wheels 182. The disks
are angled inwardly, the angle being adjustable as will
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presently appear, to direct soil into the furrow and
cover the seed therein. A separate subframe mounts
the disks 198 on the press wheel subframe for adjust-
ment of their vertical position, the subframe compris-
ing a pair of fore-and-aft members 200 pivoted at 2062
to the side members of the subframe 176, and rigidly
connected at their forward ends with a pair of longitu-
dinally spaced cross members 204. An upstanding
bracket 206 is fixed to the upper edges of the members
204 and extends forwardly between the plates 192, The
bracket 206 is provided with a plurality of apertures
208 for receiving a pin 210, the latter extending be-
tween the plates 192 and being releasably retained
therein. Each disk is rotatably mounted on the lower
end of a vertical standard 212 which, in turn, is fixed
to the bottom side of a lower mounting bracket 214.
The lower bracket 214 and an identically-shaped upper
bracket 216 are clamped to the cross members 204
with bolts 218, the structure described permitting
ready adjustment of both the lateral position and angle
of the disks 198.

A conventional diverging pesticide distributor 220 is
mounted behind the press wheels 182 on a U-shaped
supporting structure 222, the legs of the U being se-
cured to the rearward ends of the side members 178 of
the press wheel subframe 176. As will be described sub-
sequently in more detail, pesticide is supplied to an
inlet opening 224 on the upper portion of the dispenser
from a hopper on the seed dispensing unit.

As previously mentioned, the brackets 126 support-
ing the forward ends of the furrow-forming unit upper
parallel links 120 also comprise the main supporting
structure for the associated seed dispensing unit 116.
The remainder of the supporting structure includes a
pair of fore-and-aft pesticide hopper supports 226, and
a pair of inclined members 228 rigidly connecting the
rearward ends of the brackets 126 with the forward
ends of the supports 226. A seed selecting mechanism
230 of conventional design and an associated hopper
232 are mounted between the brackets 126 on a pair
of fore-and-aft, transversely extending bolts 234. The
selecting mechanism 230, which may, for example, be
of the conventional seed plate type, is driven from a
transverse shaft 236 extending therethrough. A tele-
scoping transverse shaft 238 (see FIG. 2) drivingly in-
terconnects the shafts 236 on each adjacent pair of
planting units 12, the resulting series of shafts 236 and
238 conjunctively defining a single transverse shaft ex-
tending between the extreme left and right planting
units 12 and comprising the common drive for all of the
units. The planting unit drive shaft, as already de-
scribed, is driven from the jackshaft 102 through the
chain 114. A telescoping seed conveying conduit 240
extends vertically between the discharge area 242 of
the selecting mechanism 230 and the upper opening of
the seed passage 150 on the furrow-forming unit 118,
The seed from the hopper 232 thus drops through the
tube 240 to the passage 150, thence through the pas-
sage to the bottom of the furrow formed by the runner
154.

A pair of transversely spaced angle members 244 are
interposed between each side of the mechanism 230
and the adjacent brackets 126 and are rigidly held
therein with bolts 234. The cylinder portion 246 of a
single-acting hydraulic actuator 248 is pivotally
mounted between the forward ends of the members
244 on trunnions 250, and the rod portion 252 thereof
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is pivotally connected at 254 with a transverse support
256 extending between the lower parallel links 122.
The functions served by the actuator 248 will be de-

tailed below. '

Mounted directly behind the seed hopper 232 is a
matched pair of pesticide hoppers 258 and 260, the for-
ward hopper 258 being for insecticide and the rear
hopper 260 for herbicide. Each hopper 258 and 260
includes a conventional rotary distributing mechanism
262 and 264, respectively, in its lower portion, the
mechanisms being driven by sprockets 266 and 268,
respectively. The sprockets 266 and 268 are in turn
driven by a chain 270 from a sprocket 272 on the left
end of the seed selecting mechanism drive shaft 236.
An adjustable idler wheel 274 maintains proper run-
ning tension in the chain 270. A telescoping pesticide
conveying tube 276 extends between.the outlet open-
ing 278 of the distributing mechanism 262 in the for-
ward hopper 258 and the upper opening of the rear
passage 152 defined by the vertical members 142 and
transverse connecting walls 146 and 148. The pesticide
from the hopper 258 thus passes through the tube 276
to the passage 152, thence through the passage 152 to
the furrow formed by the runner 154. The upper and
lowr ends of the tube 276 are pivotal about their re-
spective mountings to accommodate the change in an-
gular relationship between the tube and its supports as
the furrow-forming unit 118 moves vertically relative
to the overlying seed dispensing unit 116, In a similar
manner, a telescoping tube 280 connects the outlet 282
on the rear pesticide hopper 260 with the inlet 224 on
the diverging dispenser 220. Pesticide from the rear
hopper thus passes downwardly through the tube 280,
thence through the dispenser 220 which distributes it
in an even band over the surface of the plant row.

It will be apparent from the structure described thus
far that the furrow-forming unit 118 of the planter is
relatively light in weight, this fact stemming primarily
from the removal of the seed and pesticide selecting
mechanisms and hoppers to the independently
mounted seed dispensing unit 116, It will also be appar-
ent that the weight or down force on the unit 118 re-
sulting from the weight thereof will remain constant
through the planting operation, irrespective of the
quantity of material contained within the pesticide and
seed hoppers. Although such a constant down force
would be desirable if operating in soil of a constant
hardness, since soil hardness quite often varies substan-
tially within a single field and from one field to another,
it is desirable to instead provide means exerting a down
force on the unit which varies inversely with soil hard-
ness. The desirability of such a varaible down force
arises from the fact that the force acting on the depth
gauge wheels of the furrow-forming unit determines the
depth below ground surface at which they will ride, and
this depth, in turn, directly determines the depth of the
furrow formed by the furrow-forming means, and thus
the depth at which the seed is planted.

According to the present invention, means for pro-
viding such a variable down force on the furrow-
forming unit is provided in the form of the hydraulic ac-
tuator 248 acting between the planter frame and the
unit. Referring to FIG. 5 of the drawings, the several
hydraulic actuators 248 on the planter are connected
in a parallel arrangement with each other, through hy-
draulic lines or hoses 284, and with a conventional
source of hydraulic fluid on the tractor through line
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286. The fluid source on the tractor includes a pressure
control valve 288 which is actuatable by means of con-
trol lever 290 to vary the pressure of the fluid within
the actuators 248 and thus the force exerted thereby on
the furrow-forming unit.

Although it is contemplated that the valve 288 could
be manually controlled by ‘the tractor operator,
whereby the operator would visually sense variations in
soil hardness and actuate the valve accordingly without
interrupting the planting operation, according to the
present invention means in the form of a soil hardness
sensing unit 292 is provided to continually sense and
automatically regulate the pressure control valve 288
in response to soil hardness. As shown schematically in
FIG. §, the sensing unit or ground feeler device 292 is
mounted centrally on the main frame member 10, be-
tween the two center planting units 12, Although the
particular location of the unit is not critical, it is impor-
tant that it operate in soil which has not been previ-
ously compacted by either the tractor wheels 294 or
planter drive wheels 84. As illustrated in detail in FIGS.
6 and 7, the sensing unit 292 is mounted on the main
frame 10 for relative vertical movement in a manner
similar to the several furrow-forming units 118, with
upper and lower pairs of parallel links 296 and 298, re-
spectively. The forward ends of the links 296 and 298
are pivotally attached to upper and lower pairs of
mounting brackets 300 and 302 which, in turn, are
clampéed to the main frame member 10 with fore-and-
aft elongated bolts 304, while the rearward ends
thereof are pivotally connected to the opposite sides of
an upright transverse channel member 308. A rela-
tively wide shoe or ground feeler 310 having an up-
wardly curved leading edge is fixed to the lower edge
of the channel 308 and is adapted to ride on and follow
the surface of the ground. Due to its relatively large
surface area and lightweight construction, the shoe 310
will ride at essentially the same level in both hard and
soft soils. Disposed adjacent to the left side of the shoe
310 and pivotally connected thereto is a second, rela-
tively narrow shoe or ground feeler 312 which is ad-
pated also to ride on the surface of the ground. The piv-
otal connection between the two shoes 310 and 312 is
effected by a transverse pin 314 extending through the
channel 308, and receiving a bearing member 318 fixed
to the narrow shoe 312, The extreme rear portion of
the shoe 312 supports a weight 320 exerting a constant
downward force on the shoe. The combination of this
force and the relatively narrow width of the shoe causes
the shoe to penetrate the surface of the soil, the depth
of penetration being inversely proportional to the rela-
tive hardness thereof. In a relatively soft soil, for exam-
ple, the shoe will penetrate to a considerable depth,
while in a relatively hard soil, the penetration will be
relatively slight.

Since as previously noted the wide shoe 310 is
adapted to follow the surface of the ground irrespective
of its hardness, a comparison of the relative vertical po-
sitions of the shoes 310 and 312 will provide a quantita-
tive measure of soil hardness. Means for comparing
these vertical positions, and actuating the pressure con-
trol valve 288 on the tractor in response to variations
therein, is provided in the form of a master-slave hy-
draulic system comprising a master cylinder 322 on the
sensing unit 292 and a slave cylinder 324 on the tractor
connected to the cylinder 322 with a single hydraulic
line 326. The cylinder 322 is mounted on the channel
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member 308 of the sensing unit, and includes a vertical
push rod 328 coupled with the narrow shoe 312, The
coupling comprises a transverse pivot member 336
mounted on the shoe 312, a first arm 332 fixed to the
left end of the member 330 and pivotally connected at
its rearward end to the weight 320, and a second arm
334 fixed to the right end of the member 330 and pivot-
ally connected at its forward end to the. push rod 328

of the cylinder 322, In operation, vertical movement of
the narrow shoe 312 relative to the wide shoe 318 is
transmitted through the coupling mechanism 330, 332,
and 334 to the push rod 328 of the cylinder 322. The

resulting displacement of fluid in the cylinder 322 re-

sults in corresponding movement of the push rod 336

of the slave cylinder 324, and thus movement of the

control lever 298 of the pressure control valve 288.

The components of the system are so designed that the

resulting change in pressure of the fluid in the lines 284

and 286 and planting unit actuators 248 is of just the

required magnitude to maintain a constant furrow

depth. For example, as the planter passes from an area

of relatively hard soil to an area of relatively soft soil,

the narrow shoe 312 of the sensing unit will assume a-
deeper running level relative to the wide shoe 310. This

downward movement of the shoe 312 is transmitted to

the push rod 328. As the push rod is moved upwardly

into the cylinder 322, fluid is displaced therefrom into

the line 326, an equal quantity of fluid is displaced from

the other end of the line into the slave cylinder 324,

and the push rod thereof is advanced forwardly, thus

moving the control lever 290 of the valve 288 in a

clockwise direction as viewed in FIG. 5. Such clock-

wise movement of the lever 29¢ in turn produces a

lower fluid pressure in the fluid actuators 248 and thus

a lesser down force acting on the furrow-forming units

118. This reduction in down force is of sufficient mag-

nitude to just offset the tendency of the unit depth

gauge wheels to sink into the relatively soft soil, and

thereby maintains the unit at the same vertical position

relative to the ground surface. In a similar though in-

verse manner, the pressure in the actuators 248 is in-

creased as the planter moves from a relatively soft area

to a relatively hard area, thereby increasing the down

force on the units 118 and off-setting the tendency of
the unit to ride at a higher level in the harder soil.

We claim:

1. A precision depth seed planter comprising: a main
frame; a planting unit mounted on the main frame and
including a furrow-forming unit connected to the frame
for relative vertical movement, said furrow-forming
unit including a ground penetrating furrow-forming
means, and depth gauge means for supporting the unit
relative to the ground and regulating the approximate
operating depth of said furrow-forming means; hydrau-
lic actuator means acting between said main frame and
said furrow-forming unit for exerting a downward verti-
cal force on said unit which is independent of the verti-
cal position thereof relative to said frame; a sensing
unit mounted on the main frame for relative vertical
movement and including ground-engaging means for
measuring ground hardness; and hydraulic control
means operatively connecting said hydraulic actuator
means and said sensing unit for increasing and decreas-
ing the vertical force exerted by said actuator means on
said furrow-forming unit in response to the sensing unit
engaging harder and softer ground, respectively.
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2, The invention defined in claim 1 wherein said
planting unit further includes a seed dispensing unit
mounted on said main frame above said furrow-
forming unit, said seed dispensing unit including a seed
container and selecting mechanism; and a seed convey-
ing conduit extending between said seed dispensing
unit and said furrow-forming unit for conveying seeds
from said seed selecting mechanism to the furrow
formed by said furrow-forming means.

3. The invention defined in claim 2 wherein said seed
dispensing unit is disposed in substantially fore-and-aft
alignment with said furrow-forming unit, said seed se-
lecting mechanism includes a downwardly directed
seed discharge opening disposed generally vertically
from said furrow-forming means, and said seed convey-
ing conduit extends generally vertically between said
seed discharge opening and said furrow-forming
means.

4. The invention defined in claim 3 wherein said seed
dispensing unit is rigidly connected to the main frame,
said furrow-forming unit includes parallel linkage
means mounting said unit on the main frame for paral-
lel vertical movement, and said hydraulic actuator
means acts between said seed dispensing unit and said
parallel linkage means.

5. The invention defined in claim 2 wherein said
planting unit further includes a press wheel unit pivot-
ally mounted on and extending rearwardly from said
furrow-forming unit, said press wheel unit including
press wheel means mounted rearwardly of and in sub-
stantially fore-and-aft alignment with said furrow-
forming means.

6. The invention defined in claim 2 including a plu-
rality of said planting units mounted in transverse align-
ment on said main frame, each unit including a seed
dispensing unit and associated selecting mechanism;
transverse drive shaft means extending between adja-
cent seed dispensing units; means on each of said dis-
pensing units drivingly connecting said drive shaft
means with the seed selecting mechanism contained
thereon; ground-engaging drive wheel means mounted
on said main frame; and means drivingly connecting
said ground-engaging drive wheel means with said drive
shaft means for driving said seed selecting mechanisms.

7. The invention defined in claim 1 wherein said
depth gauge means comprises a pair of wheels disposed
on opposite sides of and in substantially transverse
alignment with said furrow-forming means.

8. The invention defined in claim 1 including a plu-
rality of furrow-forming units connected to the frame
for relative vertical movement, and a plurality of hy-
draulic actuators acting between said main frame and
said furrow-forming units for exerting a vertical force
on the furrow-forming units; and wherein said control
means includes means for simultaneously and uni-
formly regulating the force exerted by said hydraulic
actuators.

9. The invention defined in claim 8 wherein said con-
trol means includes a source of hydraulic fluid under
pressure; means for regulating the pressure of said
fluid; and fluid line means connecting said hydraulic
actuator means in parallel with each other and with
said source of hydraulic fluid.

10. The planter defined in claim 1 wherein said sens-
ing unit comprises a pair of ground-engaging sensors,
and means for comparing the relative vertical positions
of said sensors.
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11, The planter defined in claim 10 wherein one of
said sensors is relatively wide and is adapted to ride
substantially on the surface of the ground, and the
other of said sensors is relatively narrow and is adapted
to penetrate the surface of the ground, the vertical dis-
tance between said wide and narrow sensors being
greater in soft than in hard ground.

12, The planter defined in claim 11 wherein said hy-
draulic control means is operative to increase and de-
crease the vertical force exerted by said actuator means
on said furrow-forming unit in response to a decrease
and increase, respectively, in the vertical distance be- -
tween said wide and narrow sensors.

13. An agricultural implement comprising: a main
frame; at least one ground-working unit mounted on
said main frame for relative vertical movement;
ground-engaging depth gauge means on said ground-
working unit supporting said unit relative to the ground
and regulating the approximate operating depth
thereof; hydaulic actuator means acting between said
main frame and said ground-working unit for exerting
a vertical force on said unit which is independent of the
vertical position thereof relative to said main frame; a
sensing unit mounted on the main frame for relative
vertical movement and including ground-engaging
means for measuring ground hardness; and hydraulic
control means operatively connecting said actuator
means and said sensing unit for varying the force ex-
erted by said actuator means in response to variations
in ground hardness and thereby regulating the precise
operating depth of said ground-working unit.

14, In an agricultural implement having a main
frame, at least one ground-engaging unit mounted on
the main frame for relative vertical movement, and hy-
draulic actuator means acting between said main frame
and said unit for exerting a vertical force on the latter,
means responsive to soil hardness to regulate the force
exerted by said actuator means and thereby maintain
said ground-engaging unit at a constant vertical posi-
tion relative to the surface of the ground, said means
comprising: a first relatively wide sensor adapted to
ride on and substantially level with the surface of the
ground; a second, relatively narrow sensor adapted to
ride on the ground and penetrate the surface thereof,
the depth of penetration of said narrow sensor varying
with soil hardness; means operatively connecting said
wide and narrow sensors for comparing the levels of
said sensors and thereby measuring the depth of pene-
tration of said narrow sensor; and hydraulic fluid sup-
ply means for supplying fluid under pressure to said hy-
draulic actvator means, said supply means including
means responsive to and operative to vary the fluid
pressure in relation to the depth of penetration of said
narrow sensor, whereby said ground-engaging unit is
maintained at a constant vertical position relative to
the surface of the ground irrespective of variatons in
soil hardness.

15. A precision depth seed planter comprising: a
main frame; a furrow-forming and closing structure in-
cluding a furrow-forming blade and associated gauge
wheels regulating the operating depth of the blade, said
structure being pivoted for vertical movement on the
main frame; a plurality of tanks adapted to carry vari-
able amounts of material and feed material to said fur-
row opening and closing structure; means supporting
all of said tanks on the main frame independently of
said furrow-forming and closing structure; hydraulic
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actuator means acting between said main frame and
said structure exerting a downward force thereon;
ground feeler means supported on the frame engage-
able with the ground for measuring the hardness
thereof, and control means operatively connected to
said ground feeler means and said hydraulic actuator
means for increasing and decreasing the downward
pressure by said actuator means on said structure in re-
sponse to the ground feeler means engaging harder and
softer ground respectively.

16. The precision depth seed planter as set forth in

claim 15 in which said frame includes a rearward pro-

14

jecting portion overlying the furrow opening and clos-

ing structure, said structure is supported for vertical

movement on the frame by a fore-and-aft extending

lever pivoted at its forward end on the frame and at its

5 rearward end to the structure; and said actuator means
extends between the frame and lever.

17. The precision depth seed planter as set forth in

claim 16 in which the furrow-forming blade and gauge

10 Wheels are closely adjacent the pivotal connection be-

tween the structure and the rearward end of the lever.
L] * * * *
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